| INTRODUCTION
Ceftolozane-tazobactam is a new oxyimino-cephalosporin/ beta-lactamase inhibitor combination currently approved by the United States (US) Food and Drug Administration (FDA) for the treatment of complicated urinary tract infections and complicated intraabdominal infections at a dose of 1.5 g intravenous (IV) every 8 hours.
1 This agent has gained notable attention for enhanced activity against resistant Gramnegative organisms, specifically Pseudomonas aeruginosa.
2
Pseudomonas aeruginosa is problematic due to numerous resistance mechanisms against beta-lactams, including loss of porin channels, efflux pumps, and beta-lactamase production (see Table 1 ). 2 Ceftolozane contains structural differences that allow it to remain active against these mechanisms and is currently the most active beta-lactam directed against P. aeruginosa. 3 While not FDA approved, a phase I trial demonstrated ceftolozane-tazobactam achieved higher epithelial lung concentrations than piperacillin-tazobactam in 51 healthy adults. 4 A phase III trial registered with the National Institute of Health (NCT018539) for the treatment of ventilator-associated pneumonia was terminated early to redirect all efforts to a larger trial within the clinical development program (NCT02070757) and is currently enrolling patients with ventilated nosocomial pneumonia. 5, 6 Notably, these trials are evaluating a higher dose of 3 g IV every 8 hours. Several case reports have also described successful use of ceftolozane-tazobactam in pneumonia, secondary to multi-drug resistant P. aeruginosa (MDRPA).
7-10
Failures have been observed with ceftolozane-tazobactam when used off-label. Caston and colleagues studied 6 patients with pneumonia, 2 resulting in deaths and one resulting in a clinical cure but microbiological persistence at 30 days. 8 These patients were confounded by septic shock and multiple medical comorbidities, including one with a lung transplantation. Munita and colleagues studied 18 patients with pneumonia, 7 of whom were considered treatment failures. 9 We report our experience and lessons learned with a treatment failure in a patient treated for pneumonia complicated by lung abscess.
| CASE PRESENTATION
We present the case of a 53-year-old female who transferred from an outside facility requiring a higher level of care, due to worsening pneumonia with possible abscess and the need for cardiothoracic surgery (CTS) consultation. Past medical history included previous breast cancer post-lumpectomy and radiotherapy, remote history of vulvar and rectal cancer post wide-debulking, chronic obstructive pulmonary disease, and ventilator-dependent respiratory failure with tracheostomy. Home medications included albuterol/ipratropium nebulizer, alprazolam, amlodipine, aripiprazole, budesonide/formoterol metered dose inhaler, citalopram, tamoxifen, tiotropium inhaler, trazodone, and oxycodone. She reported an allergy to nonsteroidal anti-inflammatory drugs. The patient initially presented to another facility complaining of fever, diarrhea, shortness of breath, and increasing oxygen demands. On examination, the patient was not in acute distress. All systems were negative except for diminished lung sounds with rhonchi bilaterally. A chest X-ray demonstrated left upper lobe pneumonia. Blood cultures were drawn, and a sample of tracheostomy secretions was sent for culture and sensitivities. She was initiated on vancomycin and piperacillin-tazobactam for treatment of healthcare-associated pneumonia. The patient reported a history of Clostridium difficile colitis and was started on oral vancomycin and IV metronidazole. On day 2, a bronchoscopy was performed with washings sent for culture. Both respiratory cultures grew MDRPA while blood cultures remained negative. The susceptibility profile is outlined in Table 2 . Piperacillin-tazobactam was switched to meropenem at 2 g IV every 8 hours, and inhaled tobramycin was added. A repeat bronchoscopy was performed on day 12 due to mucus plugging and lack of clinical response. This culture grew persistent MDRPA, necessitating the addition of IV tobramycin on day 16. Inhaled tobramycin was switched to inhaled colistin on day 20. On day 23, tobramycin IV and metronidazole were discontinued and the meropenem dose was decreased.
On day 24, a 12-French chest tube was successfully placed into the left upper lobe abscess. Approximately 30 mL of purulent material was aspirated and sent for culture. Growth from this drainage continued to demonstrate MDRPA. One day after chest tube insertion, a computed tomography (CT) scan of the chest demonstrated significantly diminished fluid component of the left upper lobe abscess with drain positioned in the air-containing component; residual left upper lobe and left lingular pneumonia and pulmonary emphysema was also noted. The patient failed to improve and on day 28 ceftolozane-tazobactam was initiated at 1.5 g IV every 8 hours. A repeat chest CT scan on day 30 showed a decrease in the left upper gas-fluid collection, but persistent dense pneumonia of the left upper lung and a new smaller infiltrate in the left lower lobe.
Two days after the repeat chest CT, the patient was transferred to our facility for worsening pneumonia, requiring a higher level of care and CTS consultation. Abnormal clinical examination findings included diffusely diminished lung sounds, rales in the left lower lobe, a left pigtail chest tube drain, tachycardia with heart rate of 120 beats per minute, and tachypnea with a respiratory rate of 22 breaths per minute. The patient's chest tube was intact with a small amount of thick, white drainage, which was sent for culture, along with 2 sets of blood cultures. Ceftolozane-tazobactam 1.5 g IV every 8 hours was continued, and meropenem was stopped. The patient was initiated on tobramycin 280 mg (7 mg/kg) IV every 24 hours. CTS diagnosed the condition as a pulmonary abscess with bronchopulmonary fistula (BPF). The patient was deemed a poor surgical candidate, and continued medical management and drainage via chest tube was recommended.
Repeat cultures from the pleural fluid drainage continued to grow MDRPA, while blood cultures remained negative. Susceptibility testing for ceftolozane-tazobactam was requested and performed using an investigational elipsometer (E)-strip. On day 36 overall (day 5 post-transfer), a repeat bronchoscopy was performed. Culture of the washings grew Acinetobacter baumaunii. Additionally, the results from the ceftolozane-tazobactam E-strip for Pseudomonas finalized, demonstrating an MIC of 12 mg/L (nonsusceptible). Chest CT on day 37 demonstrated mild interval increase in the airfluid collection size, drain in place, persistent extensive left upper lobe pneumonia, and mild improvement in the lingula and left lung base. With no improvement and the growth of Acinetobacter, ceftolozane-tazobactam was discontinued on day 39, after 12 days total. Meropenem at 1.5 g (pediatric dosing of 40 mg/kg) IV every 8 hours and colistin 100 mg (2.5 mg/kg) IV every 12 hours were started. After 14 days of meropenem and colistin without improvement, all therapy was stopped and the patient was transitioned to comfort care and ultimately expired.
| DISCUSSION
This case describes treatment failure with ceftolozanetazobactam for pneumonia with pulmonary abscess. Several contributing factors warrant further discussion. In our case, the reported MIC to ceftolozane-tazobactam was 12 mg/L. The prescribing information for ceftolozane-tazobactam defines susceptible as ≤ 4 mg/L for P. aeruginosa. 1 Susceptibilities prior to starting treatment were not available. This raises an unanswerable question whether resistance was present at baseline or had developed during therapy. Fraile-Ribot and colleagues reported the emergence of ceftolozane-tazobactam resistance during the treatment of surgical site infection with ceftazidime. 11 Polymerase chain reaction sequencing performed on the initial culture and the resistant culture demonstrated that resistance was due to an amino acid residue insertion at D149 on bla OXA-2 beta-lactamase, now designated OXA-539. 11 This report is concerning for multiple reasons. In vivo resistance to novel cephalosporins is possible even without previous exposure. An extended spectrum beta-lactamase emerged from a narrow spectrum beta-lactamase (OXA-2). 11 Furthermore, this gene is highly transmissible, associated with higher virulence factor (exoU cytotoxin), and has already been detected in 14 different countries. 12 While our patient was exposed to multiple beta-lactams prior to treatment with ceftolozane-tazobactam, the patient had not been exposed to any cephalosporins. Haidar and colleagues have also described ceftolozanetazobactam failures in a single center retrospective analysis. 13 Notably, 18 of 21 cases in their analysis were respiratory tract infections. 13 The failure rate in the study approached 30%
with the majority of these cases being attributed to pneumonia. 13 Moreover, the authors describe emergence of resistance while on therapy, citing ampC overexpression and/ or point mutations as possible mechanisms contributing to the aforementioned failures. 13 This is the first study to utilize whole genome sequencing to characterize resistance. 13 The current FDA labeling only includes 1.5 g IV every 8 hours, while the proposed dose for pneumonia is 3 g IV every 8 hours.
1, 6 Haidar and colleagues observed that dose was not associated with clinical failure or 90-day mortality. 13 In fact, only the approved dose of 1.5 g was found to result in success in some cases. Munita and colleagues were also challenged by this debate as they reported variations in their dosing. 9 Ultimately, our decision was made to continue 1.5 g every 8 hours, given the patient's weight of 40 kg and poor nutritional status. Protein binding is 16%-21%, and volume of distribution is 13.5 L following a single dose of 1.5 g in healthy adults. The prescribing information does not include pharmacokinetic data in patients with low body weight.
1
Source control may have contributed to treatment failure. It remains a critical step in managing a wide variety of infectious processes. The course was complicated by the presence of an abscess and BPF, making the decision for more aggressive surgical intervention difficult. Infectious Diseases Society of America community-acquired pneumonia guidelines state a thoracentesis should be performed whenever possible in patients with empyema and pleural effusion as these often represent causes for nonresponse. 14 The chest tube allowed for continuous drainage. Furthermore, once the underlying lung disease improves, BPFs usually resolve without surgery. 15 Ultimately, risk-benefit analysis did not favor a more invasive surgical intervention.
In conclusion, ceftolozane-tazobactam, preceded by piperacillin-tazobactam, meropenem, tobramycin, and colistin, for the treatment of pneumonia in our patient was not successful. The patient's history was complicated by multiple medical comorbidities. Resistance to this agent was reported during treatment. Despite the success reported in other cases, caution is still warranted when using this agent for off-label indications, especially when source control cannot be obtained. Consideration must also be given to which dose to use, the lower FDA-approved dose or the higher dose, currently in clinical trials. Furthermore, P. aeruginosa should have susceptibilities performed to ceftolozane-tazobactam, when available, prior to initiating therapy and upon re-isolation.
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